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(54) Recording medium, production process of the recording medium, and image forming 
process using the recording medium 

(57) Disclosed herein is a recording medium com- 
prising a substrate and at least one porous resin layer 
formed on the substrate, wherein the porous resin layer 
comprises heteromorphic microspheres. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a recording medium, and particularly to a recording medium suitable for use 
in ink-jet recording systems, a production process thereof, and an image forming process using such a recording 
medium. 

10 

Related Background Art 

[0002] An ink-jet recording system is a system that minute droplets of an ink are ejected by any one of various work- 
ing principles to apply them to a recording medium such as paper, thereby making a record of images, characters 
15 and/or the like, and is being quickly spread in various applications because it has features that recording can be con- 
ducted at high speed and with a low noise, color images can be formed with ease, recording patterns are very flexible, 
and development and fixing process are unnecessary. 

[0003] Further, it begins to be applied to a field of recording of full-color images because images formed by a multi- 
color ink-jet system are comparable in quality with multi-color prints by a plate making system and photoprints by a color 
20 photographic system, and such printed images can be obtained at lower cost than the usual multi-color prints and pho- 
toprints when the number of copies is small 

[0004] With the improvement in recordability such as speeding up and high definition of recording, and full-coloring 
of images in the ink-jet recording system, recording apparatus and recording methods have been improved, and record- 
ing media have also been required to have higher properties. 
25 [0005] In order to enhance absorbency, coloring ability and resolution, there have been proposed a wide variety of 
recording media obtained by forming a porous layer with inorganic particles, for example, recording media, in which a 
porous layer comprising an alumina hydrate is provided on a substrate as described in Japanese Patent Application 
Laid-Open No. 2-276670. 

[0006] As described in Japanese Patent Application Laid-Open No. 4-101880, recording media, in which a trans- 
30 parent ink-f ixing layer formed of a resin capable of being dissolved in or swelled by a solvent contained in an ink is pro- 
vided on a substrate, have also been proposed. 

[0007] However, inks of the type that a dye component is dissolved in a solvent have heretofore been often used in 
the conventional ink-jet recording system. 

[0008] When such a dye ink is used, the resulting print is naturally poor in light fastness and ozone fastness and 
35 hence involves a problem that it undergoes fading or color change when it is stored for a long period of time. Therefore, 

as described in Japanese Patent Application Laid-Open No. 58-136482 and U.S. Patent No. 5,374,475. there have 

been proposed recording meda in which a porous layer comprising a thermoplastic polymeric material is provided on 

a substrate, and the porous layer is melted by the action of heat and pressure after printing to make it dense. 

[0009] As described in Japanese Patent Publication No. 2-31673, there have also been proposed recording media 
40 having an ink-receiving layer of a two-layer structure that an inorganic pigment layer absorbing an ink in a great amount 

is formed on a substrate, and an ink-receiving layer comprising a thermoplastic polymer is provided as the outermost 

layer. 

[0010] Japanese Patent Application Laid-Open No. 9-296067 has proposed recording media having an ink-receiv- 
ing layer in which a great number of interstices are formed as pores among polymer particles. 

45 [001 1 ] However, the above-described prior art documents have involved the following problems. Namely, in the con- 
ventional recording media, the so-called slurry-like plastic pigment, which is prepared by subjecting at least one vinyl 
monomer to emulsion polymerization, or the like is suitably used. The fine particles generally used in the above- 
described Japanese Patent Application Laid-Open No. 58-136482, U.S. Patent No. 5,374.475 and Japanese Patent 
Publication No. 2-31673 are spherical and uniformly arranged as illustrated in Fig. 6, and the ink absorbency of the 

50 recording media has been imparted by the inter particle pores. 

[0012] A porous resin layer having pores formed among such spherical particles has an effect to absorb an ink 
impacted on the recording medium after ejection of the ink and make the diameter of dots formed uniform. As a result, 
a certain degree of resolution has been able to be achieved in an image formed therefrom. 

[0013] When an amount of the ink to be ejected is increased upon printing for the purpose of increasing a printing 
55 speed, however, a solvent (water) in the ink cannot be fully absorbed in the pores formed in the recording medium, so 
that problems such as ink running and bleeding have arisen. 

[0014] Therefore, it has been attempted to enhance ink absorbency by containing porous inorganic particles in a 
porous resin layer. In this case, it is difficult to control the mixing ratio of the thermoplastic resin particles to the porous 
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inorganic particles contained therein. When the content of the porous inorganic particles is high, the amount of the ink 
absorbed is increased. However, the sufficient content lowers the strength of the porous resin layer, so that such prob- 
lems that separation or defects are incurred in handling have been encountered upon the production of such a record- 
ing medium or formation of an image on the resulting recording medium. 
5 [001 5] According to the recording media described in Japanese Patent Application Laid-Open No. 9-296067, poly- 
mer particles in an emulsion are aggregated by instabilizing the emulsion before, upon the formation of an emulsion- 
containing layer, all water in the emulsion is vaporized out of the layer, the resultant layer is then dried, thereby causing 
interstices among the particles to remain as pores to provide a porous resin layer. 

[001 6J However, this process has involved a problem that since the aggregation is conducted by using a gelling 
io agent before the drying, it is impossible to stably control the aggregation, so that the degree of aggregation becomes 
varied, and as illustrated in Fig. 7, the size and number of the pores become uneven to partially produce portions low 
in absorbency and also to specifically produce large pore portions, whereby absorption of an ink is varied to make an 
optical density of image unstable. 

15 SUMMARY OF THE INVENTION 

[0017] With the foregoing problems in view, it is an object of the present invention to provide a recording medium 
which has good ink absorbency and little variation in the absorption of an ink and can provide clear and bright images 
high and even in optical density, and an image forming process using such a recording medium. 
20 [001 8] The above object can be achieved by the present invention described below. 

[0019] According to the present invention, there is thus provided a recording medium comprising a substrate and 
at least one porous resin layer formed on the substrate, wherein the porous resin layer comprises heteromorphic micro- 
spheres. 

[0020] According to the present invention, there is also provided a process for producing a recording medium hav- 
25 ing at least one porous resin layer on a substrate, which comprises the steps of applying a coating formulation compris- 
ing polymer colloid, in which heteromorphic microspheres are dispersed, to the substrate, and drying the coating 
formulation at a temperature lower than the lowest film-forming temperature of the heteromorphic microspheres, 
thereby forming the porous resin layer. 

[0021] According to the present invention, there is further provided an image forming process, comprising the step 
30 of ejecting an ink by an ink-jet recording system on the porous resin layer of the recording medium described above to 
conduct recording, and then heating the recording medium at a temperature not lower than the lowest film-forming tem- 
perature of the heteromorphic microspheres, from which the porous resin layer is formed, thereby forming the porous 
resin layer into a film. 

[0022] According to the present invention, there is still further provided an image forming process, comprising the 
35 step of ejecting an ink by an ink-jet recording system on the porous resin layer of the recording medium described 
above to conduct recording, laminating the recording medium on a transfer-printing medium with the porous resin layer 
opposed to the transfer-printing medium, and then heating and pressing the recording medium at a temperature not 
lower than the lowest film- forming temperature of the heteromorphic microspheres, from which the porous resin layer 
is formed, from the side of the substrate of the recording medium, thereby transferring the porous resin layer to the 
40 transfer-printing medium. 

[0023] According to the present invention, even and bulky pores can be stably formed in an ink-absorbing layer by 
arranging and bonding the resin particles in the form of a heteromorphic microsphere, thereby providing recording 
media which have high ink absorbency upon absorption of an ink and permit the formation of images having high and 
even optical density. 

45 [0024] According to the present invention, there can be provided recording media which permits the provision of 
images having excellent water fastness and weather fastness and withstanding long-term storage, have a strong film 
and are easy to handle, and an image forming process which can actually achieve excellent image quality and permits 
the formation of an image by transfer printing. 

[0025] The present invention has been led to completion by investigating the findings obtained by tests by the 
so present inventors in further detail. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] 

55 

Fig. 1 is a schematic cross-sectional view illustrating an exemplary recording medium used in the present invention 
(EXAMPLES 1 to 3). 

Fig. 2 is a schematic cross-sectional view illustrating an exemplary recording medium of a two-layer structure used 



3 



JSDOCID: <EP 1016544A2_I_> 



EP1 016 544 A2 



in the present invention (EXAMPLE 4). 

Fig. 3 is a schematic cross-sectional view illustrating another exemplary recording medium of a two-layer structure 
used in the present invention (EXAMPLE 5). 

Figs. 4A, 4B, 4C, 4D and 4E schematically illustrate examples of heteromorphic microspheres used in the present 
5 invention. 

Fig. 5 illustrates a porous structure formed of resin particles in the form of a heteromorphic microsphere. 

Fig. 6 illustrates a porous structure formed of the conventional spherical resin particles. 

Fig. 7 illustrates a porous structure obtained by gelling the conventional spherical resin particles. 

Fig. 8 is an electron photomicrograph illustrating the structure of heteromorphic microspheres used in EXAMPLE 1 . 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0027] The embodiments of the present invention will hereinafter be described specifically. 

[0028] Figs. 1 to 3 illustrate examples of the recording medium according to the present invention. In Fig. 1 , ref er- 
rs ence numerals 101 and 102 indicate a substrate and a porous resin layer, respectively. 

[0029] Fig. 2 illustrates an example where a porous inorganic particle layer 103 is provided between the substrate 
101 and the porous resin layer 102. Fig. 3 illustrates an example where a hot-melt resin layer 104 is provided between 
the substrate 101 and the porous resin layer 102. 

[0030] In the present invention, heteromorphic microspheres, which are not spherical and from which the porous 
20 resin layer 102 is formed, may be in various forms as illustrated in Figs. 4A to 4E. Examples of heteromorphic micro- 
spheres formed by binding 2 fine particles to each other include those in the form of such a snowman as illustrated in 
Fig. 4A and in the form of such a dumbbell as illustrated in Fig. 4B. 

[0031] Examples of heteromorphic microspheres formed by binding at least 3 fine particles to one another include 
those in the form of such a boomerang as illustrated in Fig. 4C, in the form of such a four-leaf clover as illustrated in Fig. 
25 4D and in such an indeterminate form as illustrated in Fig. 4E. The microspheres according to the present invention are 
preferably those obtained by bonding 2 to 30 fine particles to one another. The use of such microspheres permits the 
formation of pores greater than the use of individual microspheres (spherical) by reason of bonding of particles to one 
another. 

[0032] If the number of fine particles bonded to one another is too great, the form of the resulting microspheres may 
30 be varied in some cases, and it may be difficult in some cases to form even pores upon the formation of a porous resin 
layer because unnecessary interstices are produced in aggregates of the fine particles. The preferable number of fine 
particles is 3 to 10. Incidentally, the form of the fine particles referred to in the present specification may be out of a 
sphere and also includes a somewhat deformed form. 

[0033] The size of the microspheres according to the present invention is suitably selected according to the appli- 
es cations and shot-in ink quantity of the resulting recording medium. However, the size of the microspheres suitable for 
ink-jet recording system is preferably 0.1 to 10 fim in terms of maximum length. If the size is smaller than the lower limit 
of the above range, any pore having a sufficient size is not formed. If the size is greater than the upper limit of the above 
range, pores having an excessively great size are partially formed in the resulting porous resin layer, and so variations 
in optical density of image, and the like are caused to make the resulting image dull. 
40 [0034] A method for producing these heteromorphic microspheres varies according to the size and structure of the 
microspheres intended. However, basic examples thereof include emulsion polymerization, suspension polymerization 
and emulsif ication. In particular, in order to form heteromorphic microspheres like the present invention, it is effective to 
introduce a monomer into seed particles produced in advance and polymerize the monomer to enlarge the seed parti- 
cles. This method is referred to as seed polymerization. The method may also be referred to as stage feed polymeriza- 
45 tion paying attention to polymerization procedure in particular. 

[0035] When the amount of a stage feed monomer is limited in the seed polymerization so as to make a monomer- 
exhausted state within particles, thereby conducting polymerization, a propagation reaction progresses side by side at 
plural sites within individual particles, and consequently heteromorphic particles are grown. At this time, when stage 
feed polymerization of a crosslinking seed is conducted on seed particles, microspheres in a form that at least two par- 
so tides are bonded to each other are formed. In this mechanism, the monomer is once dissolved in the seed particles by 
stage-feeding crosslinking seed particles, but it phase-separates from the seed particles due to lowered compatibility 
when it is converted into a polymer. 

[0036] At this time, the phase separation continuously occurs so as to lower interracial energy As a result, a newly 
formed polymer is extruded out of meshes of the seed particles to form projections. In this case, the crosslinking struc- 
55 ture serves as propelling force for keeping the original form of the seed particles to extrude the newly formed polymer. 
The heteromorphic microspheres used in the present invention may be used in the form of a dispersion in which sec- 
ondary particles formed by aggregating primary particles are stably dispersed. 

[0037] Examples of the resin forming the resin particles in the heteromorphic microspheres used in the present 
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invention include polyester, polyethylene, polyurethane, styrene-acrylic copolymers, polyacrylates, polymethacrylates, 
ethylene-vinyl acetate copolymers, polystyrene and polyvinyl chloride. However, the resin is not limited to these resins, 
particles formed of these resins may be used either singly or in any combination thereof if desired. 
[0038] The lowest film-forming temperature of the heteromorphic microspheres is desirably within a range of from 

5 40 to 150°C. The term "lowest film-forming temperature" as used herein means the lowest temperature at which the 
resin particles can be formed into a uniform film when they are applied as a coating and then heated. 
[0039] In order to form a porous resin layer after the resin particles are uniformly applied in the present invention, it 
is necessary to conduct heating and drying under such conditions that the resin particles in the form of a heteromorphic 
microsphere are fusion-bonded to one another to an extent that the resulting film has fixed film strength without forming 

io a dense film to form a porous structure. 

[0040] The term "porous structure" as used therein means a porous structure obtained by partially bonding the 
resin particles in the form of a heteromorphic microsphere to one another by heating so as to absorb inks therein unlike 
the structure of porous inorganic particles that the particles themselves have pores to absorb inks therein. 
[0041] The reason why the porous structure for enhancing ink absorbency is provided in the present invention is 

75 due to the specific form of the heteromorphic microspheres. More specifically, the effect of steric hindrance can be uti- 
lized in the case where the heteromorphic microspheres are arranged compared with the case where the conventional 
spherical resin particles are applied to and arranged on a substrate to bond them to one another. Accordingly, the thus- 
formed layer is bulky and contains a greater number of pores. This permits the formation of regular pores unlike the 
case where spherical particles are forcedly aggregated by containing a gelling agent in a dispersion of the spherical 

20 particles upon application thereof, so that The ink absorbency can be uniformly enhanced within the formed layer. 

[0042] If the lowest film-forming temperature is lower than 40°C. the densification of the coating is caused to 
progress when a coating formulation containing the resin particles is applied and dried, so that it is difficult to provide a 
porous structure, thereby inhibiting the penetration of a solvent (water) in an ink to cause ink running, bleeding and the 
like upon recording. It is also possible to lower the drying temperature so as not to form a dense f Hm. However, such a 

25 method takes a long time to dry the coating because the solvent in the coating formulation applied becomes difficult to 
dry. 

[0043] If the lowest film-forming temperature exceeds 1 50°C, a temperature in a heat treatment after ink-jet record- 
ing must be raised, which causes a problem that a substrate and a pigment and/or a dye in an ink are decomposed, 
oxidized or discolored. The more preferable lowest film-forming temperature is within a range of from 50 to 130°C. 

30 [0044] Fig. 5 illustrates the porous structure of a porous resin layer obtained by partially bonding resin particles in 
the form of a heteromorphic microsphere to one another under the above proper heating conditions. 
[0045] The thickness of the porous resin layer 102 is preferably 1 to 70 urn. If the thickness is smaller than 1 jim, 
the coating film can not fulfill a role as an ink- receiving layer, and moreover when an ink containing a pigment as a com- 
ponent is used, its function of absorbing the pigment is also lowered. 

35 [0046] Further, although an ink can enter pores formed among the resin particles when the thickness of the porous 
resin layer is sufficient, effects such as light fastness and ozone fastness are also reduced in the case where an ink con- 
taining a dye as a component is used if the thickness is too thin. 

[0047] If the thickness is too great on the other hand, and particularly exceeds 70 urn, cracking and the like may 
occur in the resulting porous resin layer upon drying, so that its strength is lowered, and evenness of the coating film is 
40 impaired. Therefore, transparency of the resulting recording medium and brightness of an image formed thereon are 
deteriorated. The more preferable thickness of the porous resin layer is 3 to 50 urn. 

[0043] In the present invention, an organic binder may be contained in the porous resin layer in order to make the 
fusion bonding among the resin particles in the form of a heteromorphic microsphere stronger. As the binder referred 
to herein, a thermoplastic resin is used. Any thermoplastic resin may be used herein so far as it exhibits softening and 
45 fluidity at a temperature lower than the resin particles in the form of a heteromorphic microsphere. It is preferably a 
water-soluble or water-dispersible polymer. 

[0049] Examples of the water-soluble polymer include polyvinyl alcohol or modified products thereof (cationically 
modified, anionically modified, silanol modified), starch or modified products thereof (oxidized, etherified), gelatin or 
modified products thereof, casein or modified products thereof, gum arabic and cellulose derivatives such as car- 

50 boxymethyl cellulose, hydroxyethyl cellulose and hydroxypropylmethyl cellulose. 

[0050] Examples of the water-dispersible polymer include conjugated diene copolymer latexes such as SBR 
latexes, NBR latexes and methyl methacrylate-butadiene copolymers, functional group-modified polymer latexes, vinyl 
copolymer latexes such as ethylene-vinyl acetate copolymers, polyvinyl pynolidone, maleic anhydride polymer or copol- 
ymers thereof, acrylic ester copolymers, and polyurethane and polyolef in latexes. 

55 [0051 ] These binders may be used either singly or in any combination thereof. In the case of water-dispersible pol- 
ymer particles, its particle diameter is preferably small so as not to inhibit the formation of the pores formed by binding 
the resin particles in the form of a heteromorphic microsphere to one another. The particle diameter is preferably 
smaller than 0.1 \xm. 
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[0052] A mixing ratio of the resin particles in the form of a heteromorphic microsphere to the organic binder is pref- 
erably within a range of from 20:1 to 1 :1 in terms of a weight ratio. If the amount of the organic binder is less than the 
lower limit of the above range, its effect as the binder is hard to obtain. If the amount is greater than the upper limit of 
the above range, the pore volume of the pores to be formed is reduced, resulting in a recording medium poor in ink 
5 absorbency. 

[0053] In the present invention, porous inorganic particles may be contained in the porous resin layer 102 for 
enhancing the ink absorbency of the porous resin layer. Specific examples of the porous inorganic particles include sil- 
ica, alumina hydrate, calcium carbonate, magnesium carbonate, magnesium oxide, kaolin, talc, calcium sulfate, barium 
sulfate, titania, zinc oxide, zinc carbonate, silicic acid, sodium silicate, magnesium silicate, calcium silicate and clay. 
to Examples of inorganic particles preferably used from the viewpoints of ink absorbency and resolution in particular 
include silica and alumina hydrate. 

[0054] As the silica, there may be used any of natural silica, synthetic silica, amorphous silica and chemically mod- 
ified silica compounds. However, silica having a positive charge is particularly preferably used. Since the alumina 
hydrate has a positive charge, a dye in an ink is well fixed thereto, and an image high in gloss and good in coloring can 

15 hence be provided. In addition, a porous resin layer having a low haze degree and high transparency can be provided. 
[0055] The content of the porous inorganic particles in the porous resin layer is preferably 3 to 25 % by weight 
based on the total solids content in the porous resin layer. If the content is lower than 3 % by weight, their effect 
becomes little. If the content is higher than 25 % by weight on the other hand, cracking, dusting and the like occurs in 
the resulting porous resin layer. It is hence not preferable to contain the porous inorganic particles outside the above 

20 range. 

[0056] The porous resin layer can be formed by applying a coating formulation obtained by optionally mixing the 
organic binder and porous inorganic particles into a cfispersion of the resin particles in the form of a heteromorphic 
microsphere to a substrate to form a coating film. 

[0057] The coating formulation itself preferably has a pH of 3 to 7. When the porous resin layer is formed using a 
25 coating formulation having a pH lower than 3, the ink applied to the porous resin layer upon recording may tend to 
undergo color change in some cases. When the pH is higher than 7 on the other hand, the coating formulation tends to 
increase its viscosity, and so its stability with time may be deteriorated in some cases. 

[0058] To the coating formulation, there may be further added a cationizing agent, surfactant, water-proofing agent, 
dispersing agent, thickener, pH adjuster, lubricant, f lowability modifier, antrfoaming agent, foam suppressor and/or the 
30 like within limits not impeding the object of the present invention. 

[0059] Of these, the cationizing agent is an effective additive because the water fastness of an image recorded with 
an ink on the resulting recording medium can be improved. 

[0060] Specific examples of the cationizing agent includes the hydrochlorides and acetates of iaurylamine, stear- 
ylamine, rosin amine and the like; compounds of the quaternary ammonium salt type, such as ammonium salts of 
35 acrylic esters, ammonium salts of polyacrylic esters, benzyltributylammonium chloride, lauryrtrimethylammonium chlo- 
ride and benzalkonium chloride; pyridinium salt type compounds; imidazoline type cationic compounds; and ethylene 
oxide adducts of higher alkylamines. 

[0061] The surfactant is an effective additive for preventing coating defects such as cissing when the coating formu- 
lation is applied to the substrate. Specific examples of the surfactant include anionic surfactants such as carboxylic acid 
40 salts, sulfonic acid salts, sulfate salts and phosphate salts; cationic surfactants such as aliphatic amine salts, aliphatic 
quaternary ammonium salts, aromatic quaternary ammonium salts and heterocyclic quaternary ammonium salts; non- 
ionic surfactants such as polyoxyethylene alkyl ethers, polyoxy ethylene alkyl phenyl ethers, polyoxyethylene glycerol 
fatty acid esters and polyoxyethylene alkylamines; and amphoteric surfactants such as aminocarboxylic acid salts and 
imidazoline derivatives. 

45 [0062] No particular limitation is imposed on the coating method of the coating formulation, and the coating may be 
conducted by means of a roll coater, air knife coater, blade coater, bar coater, gravure coater, rod coater, curtain coater, 
die coater or the like. The drying is conducted at a temperature lower than the lowest film-forming temperature of the 
resin particles in the form of a heteromorphic microsphere by a hot-air drying oven, infrared drying oven or the like com- 
monly used, or any combination thereof. 

so [0063] No particular limitation is imposed on the substrate 101 used in the present invention, and various kinds of 
substrates may be used. Examples of usable substrates include paper webs such as suitably sized paper, water leaf 
paper and resin-coated paper, resin films and sheets, cloths, glass, and metals. As the resin films and sheets, may be 
used transparent films and sheets formed of polyester, polystyrene, polyvinyl chloride, polymethyl methacrylate, cellu- 
lose acetate, polyethylene or polycarbonate, as well as opaque films and sheets opacified by the filling of an alumina 

55 hydrate, titanium white or the like, or the formation of foams. 

[0064] When a transparent film is used as the substrate, the resulting recording medium can also be used as a 
sheet for OHP (overhead projector) or in the formation of medical images as a X-ray film or the like. When an opaque 
plastic f ilm containing a white pigment, or paper is used as the substrate, the resulting recording medium can also be 
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used in a field of photographic images like photoprints. Further, various kinds of color pigments may be contained in a 
substrate to make it translucent or colored, thereby controlling the color tone of the whole image. 
[0065] The substrate may be subjected to a surface treatment such as a corona discharge treatment for improving 
its adhesiveness to the porous resin layer, i.e., an ink-receiving layer, or provided with an easy-adhesion layer as an 
5 undercoat. Further, a curl-preventing layer such as a resin layer or a pigment layer for preventing curling may be pro- 
vided on the back surface of the substrate or at a desired position thereof. No particular limitation is imposed on the 
thickness of the substrate as well. The thickness of the substrate may be suitably selected as necessary for the end 
application intended, and is often from 5 fim to 500 ^m. 

[0066] The present invention is also suitably applied to a recording medium of a two-layer structure as illustrated in 
10 Fig. 2, in which a porous inorganic particle layer 103 formed basically of porous inorganic particles and an organic 
binder, and a porous resin layer 102 comprising heteromorphic microsphere are successively formed on a substrate 
101 . Namely, the relationship between the absorbing capacity and absorbing speed of the porous resin layer 102 and 
the porous inorganic particle layer 103 as illustrated in Fig. 2 is optimized, whereby high absorbing ability is achieved. 
Namely, the resulting recording medium can be suitably used in printing by a printer from which a great amount of an 
75 ink is ejected. 

[0067] Therefore, an image high in optical density of image and gradation can be provided. More specifically, the 
absorbing capacity of the porous inorganic particle layer 103 of a lower layer is made greater than that of the porous 
resin layer 102 of an upper layer, whereby most of a solvent is absorbed in the porous inorganic particle layer 103, so 
that the solvent is prevented from running in lateral directions in the porous resin layer 102. 

20 [0068] A dot diameter of the ink impacted can be optimized by adjusting the balance of ink absorption among all 
the layers in such a manner, so that a bright or clear image can be recorded. Besides, the absorbing speed of the 
porous resin layer 102 of the upper layer is made higher than that of the porous inorganic particle layer 103 of the lower 
layer, whereby the solvent in the ink impacted can be transferred to the lower layer immediately after printing, so that a 
possibility of feathering at the surface can be further reduced, and an image higher in resolution can be formed. 

25 [0069] The porous inorganic particle layer 1 03 functions as an absorbing layer for the solvent component in the ink 
and moreover as a fixing layer for a dye component when the ink contains the dye component, and assumes most of 
the ink absorption by the whole ink-absorbing layer of the recording medium. Therefore, it is desirable to have a great 
ink-absorbing capacity in particular. 

[0070] In order to secure a sufficient ink-absorbing capacity, it is necessary to adjust the pore diameter of the 
30 porous inorganic particle layer. At this time, it is desirable that the average pore diameter be 10 nm or smaller, and any 
pore exceeding 1 0 nm be substantially not present. If the average pore diameter exceeds 1 0 nm, light scattering occurs 
on the resulting porous inorganic particle layer, so that the transparency of the recording mecium is impaired, and more- 
over an image formed thereon by printing becomes whity. Therefore, such a great average pore diameter is not pre- 
ferred. Incidentally, the pore diameter distribution is determined by the nitrogen adsorption and desorption method. 
35 [0071] In order to adjust the absorbing capacity, it is also desirable that the total pore volume of the porous inor- 
ganic particle layer be within a range of from 0.1 to 1 .0 cc/g, preferably from 0.4 to 0.6 cc/g. If the pore volume of the 
porous inorganic particle layer is greater than the upper limit of the above range, cracking and dusting tend to occur 
upon the formation of porous inorganic particle layer. If the pore volume is smaller than the lower limit of the above 
range, the porous inorganic particle layer becomes poor in ink absorptionr iris further desirable that the pore volume 
40 per unit area of the porous inorganic particle layer be at least 8 cc/m 3 . If the pore volume per unit area is smaller than 
this limit, the ink-absorbing ability assumed by the porous inorganic particle layer becomes insufficient, so that inks tend 
to run out of the porous inorganic particle layer when multi-color printing is conducted in particular, and so bleeding 
occurs on an image formed. 

[0072] As the inorganic particles used in the porous inorganic particle layer, preferred porous inorganic particles. 
45 The particle diameter thereof is preferably from 20 to 500 nm. Examples of inorganic particles preferably used from the 
viewpoints of ink absorbency and resolution in particular include silica and alumina hydrate. In particular, the use of the 
alumina hydrate permits the provision of a porous inorganic particle layer having a low haze degree and high transpar- 
ency. 

[0073] The binder used in combination with the above inorganic particles is preferably a water-soluble or water-dis- 
so persible polymer. Examples of the polymer used include polyvinyl alcohol or modified products thereof (cationically 
modified, anionically modified, silanol modified), starch or modified products thereof (oxidized, etherified), gelatin or 
modified products thereof. SBR latexes, NBR latexes, carboxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl- 
methyl cellulose, and polyvinyl pyrrol idone, mateic anhydride polymers or copolymers thereof, and acrylic ester copol- 
ymers. These binders may be used either singly or in any combination thereof. 
55 [0074] The mixing ratio of the inorganic particles to the organic binder is within a range of from 1 ;1 to 30:1 in terms 
of a weight ratio. If the amount of the organic binder is less than the lower limit of the above range, the mechanical 
strength of the resulting porous inorganic particle layer becomes insufficient, which forms the cause of cracking and 
dusting, rf the amount is greater than the upper limit of the above range, the ink absorbency of the resulting porous inor- 
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ganic particle layer is deteriorated. The particularly preferred range of the mixing ratio is from 5:1 to 20:1. 
[0075] A coating formulation is obtained by using the above<fescribed porous inorganic particles and binder. This 
coating formulation is applied to a substrate, whereby the porous inorganic particle layer can be formed. 
[0076] To the coating formulation, there may be further added additives such as dispersing agents. pH adjusters, 
5 water-proofing agents and surfactants as necessary for the end application intended. 

[0077] No particular limitation is imposed on the coating of the coating formulation on the substrate, and the coating 
may be conducted by means of a roll coater, air knife coater, blade coater, bar coater, gravure coater, rod coater, curtain 
coater, die coater or the like. 

[0078] The drying is conducted by a hot-air drying oven, infrared drying oven or the like commonly used, or any 

10 combination thereof. The drying conditions may be suitably adjusted according to the composition of the coating formu- 
lation used, and the drying is conducted at a temperature at which the solvent (water) in the coating formulation is evap- 
orated, and moreover crosslinking or fusion bonding between the porous inorganic particles and the binder is made. 
[0079] The thickness of the porous inorganic particle layer 103 formed is preferably from 1 jim to 100 \im. If the 
thickness is smaller than 1 p,m, such an inorganic particle layer becomes insufficient in the ability to fixing and absorbing 

15 the colorant, which causes a problem that an image formed on the porous resin layer undergoes feathering and the like. 
If the thickness of the porous inorganic particle layer exceeds 100 \im, such an porous inorganic particle layer under- 
goes lowering in mechanical strength and transparency and occurrence of coating defects upon coating of the coating 
formulation, which causes a problem that portions incapable of securing a sufficient ink-absorbing capacity partially 
occur at such an inorganic particle layer, rt is hence not preferable to form any porous inorganic particle layer having a 

20 thickness outside the above range. The more preferable thickness of the porous inorganic particle layer is 5 to 50 fim. 
[0080] In the present invention, a substrate subjected to a releasing treatment and having release property is used 
as the substrate 101 of the recording medium of the structure illustrated in Fig. 1 or 2, whereby the resulting recording 
medium can be provided as an image transfer medium. In this case, the porous resin layer 102 comprising the hetero- 
morphic microspheres fulfills a role as an ink-absorbing layer by virtue of pores formed among the resin particles in the 

25 form of a heteromorphic microsphere and moreover has adhesive property to a transfer-printing medium. Therefore, a 
resin, which can be melted at a lower temperature and has a lower glass transition point, among the resins mentioned 
above for the heteromorphic microspheres is preferably used. 

[0081] Fig. 3 illustrates a structure suitable for use in transfer printing, i.e., a recording medium of a two- layer struc- 
ture, in which a hot-melt resin layer 104 comprising a thermoplastic resin having a low melt viscosity upon transfer print- 
30 ing and a porous resin layer 1 02 comprising resin particles in the form of a heteromorphic microsphere are successively 
formed on a substrate 101. The hot-melt resin layer 104 fulfills a role of reinforcing adhesive property and has no need 
to have ink absorbency in particular so far as it becomes low in melt viscosity upon transfer printing, has good adhesive 
property and penetrates into interstices in a transfer-printing medium comprising fibers or the like to develop strong 
adhesive force. 

35 [0082] Examples of the thermoplastic resin used in the hot-melt resin layer include polyester resins, acrylic resins, 
vinyl chloride resins, polyethylene resins, vinyl acetate resins, polypropylene resins, polyethylene oxide resins and pol- 
yvinylidene chloride resins. A mixture obtained by adding a tackif ier r a plasticizer, oil, wax, etc. to such a thermoplastic 
resin is used as a hot-melt resin. 

[0083] A coating method of the hot-melt resin, is used the conventional coating method for hot-melt resins suitably 
40 using a die coater, roll coater, fountain coater or the like. In order to smooth the surface of the resulting coating layer 
and control the thickness thereof, the coating layer may be subjected to a post processing such as pressing as needed. 
[0084] The thickness of the hot-melt resin layer 104 is suitably selected as necessary for the end application 
intended, but is preferably within a range of from 10 to 80 \im. If the thickness is smaller than 10 *im. its adhesive force 
to a transfer-printing medium when the resin is melted cannot be enhanced. If the thickness is greater than 80 urn, the 
45 flexibility of the resulting image-transfer medium is impaired. The porous resin layer 102 comprising the resin particles 
in the form of a heteromorphic microsphere is formed on the hot-melt resin layer 104 according to the above-described 
process, thereby providing a recording medium of a two-layer structure, which can be applied to transfer printing. 
[0085] As examples of a means for conducting recording on the thus-obtained recording media according to the 
present invention, may be mentioned recording instalments and recording apparatus using recording agent -containing 
so inks, such as felt pens, pen plotters, ink mist, ink-jet and various printing machines. The ink-jet recording apparatus and 
pen plotters are preferred from the viewpoint of permitting high-speed recording of images, and the ink-jet recording 
apparatus are desirable from the viewpoint of providing high-resolution images. As inks used in the present invention, 
may be used the conventionally known water-based and/or oil-based inks. 

[0086] As coloring materials contained in inks, may be used colorants such as the conventionally known dyes and 
55 pigments and/or materials having coloring ability. Preferable examples of dyes used in ink-jet recording include water- 
soluble dyes represented by direct dyes, acid dyes, basic dyes, reactive dyes and food colors. 

[0087] As pigments, various kinds of carbon black, pigment yellow, pigment red and pigment blue, etc. are used. 
Inks containing a pigment are preferably used as necessary for the end application intended from the viewpoints of the 
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attainment of a particularly high optical density of image and resistance to fading. 

[0088] In the present invention, the formation of an image is completed by heating the recording medium at a tem- 
perature not lower than the lowest film-forming temperature of the heteromorphic microspheres forming the porous 
resin layer 102 after conducting the recording according to the above-described process, thereby making the pores 
5 dense to form the whole resin layer into a film. The porous resin layer 102 is made transparent by making the pores 
dense to provide a bright image. The coloring material in the ink forming the image is sealed with the film to provide a 
print high in light fastness, water fastness and ozone fastness. 

[0089] When the porous resin layer 102 is transferred to an image-transfer medium, the recording medium is lami- 
nated on the transfer-printing medium with the porous resin layer opposed to the transfer-printing medium, and the 

io recording medium is then heated and pressed at a temperature not lower than the lowest film-forming temperature of 
the heteromorphic microspheres.. from which the porous resin layer is formed, from the side of the substrate of the 
recording medium, thereby making the pores in the porous resin layer dense to form a strong film and at the same time 
transferring the porous resin layer to the transfer-printing medium. The formation of an image is completed in this man- 
ner. In this case, it is naturally necessary to record a mirror image of an image obtained by recording with an ink. 

is [0090] The heat treatment for making the porous resin layer dense is carried out in a hot-air drying oven or infrared 
drying oven, or on a hot plate, which is commonly used. These devices may be used in combination. The heating may 
be conducted from the front side, back side or both sides of a print. Pressing may be used in combination with the heat 
treatment. At this time, the melting by the heat treatment is facilitated by the pressing. Therefore, the densrf ication of the 
resin layer is accelerated, so that the treatment can be conducted in a shorter period of time. 

20 [0091] Specifically, the recording medium is passed through heated rolls used in lamination and the like and then 
through cooling rolls to complete the heat treatment. When the surface of each roll is planished, a smoother surface 
may be provided. When the surface of each roll is roughened on the other hand, a matte surface may also be provided. 
[0092] When the porous resin layer is transferred, heating and pressing are required and conducted by means of 
the conventionally known hot press, heated rolls, iron or the like. 

25 [0093] The present invention will hereinafter be described in detail by the following Examples with reference to the 
accompanying drawings. However, the present invention is not limited to these examples. 

[EXAMPLE 1] 

30 [0094] A commercially available form paper web (thickness: 1 00 ^im) comprising cellulose was used as a substrate 
101. In order to apply a coating formulation comprising polymer colloid with heteromorphic microspheres dispersed 
therein to this substrate to form a porous resin layer 102, a coating dispersion was prepared in accordance with the fol- 
lowing process. 

[0095] A kneader was first charged with 100 parts by weight of an ethylene-propylene copolymer elastomer [ethyl - 
35 ene content: 75 % by mol, MFR: 0.2 g/10 mm, density: 0.88 g/cm 3 , Sp value: 7.97 (cal/cm 3 ) 17 *] as a thermoplastic resin, 
10 parts by weight of a maleic anhydride-grafted polyethylene [maleic anhydride content: 3.3 % by weight, Mw: 2,700, 
density: 0.94 g/cm 3 , Sp value: 8.06 (cal/cm 3 ) 1/2 , -CO-O- group content: 0.67 mmol equivalent/g] as a thermoplastic pol- 
ymer and 5 parts by weight of oleic acid as an organic compound converted into an anionic surfactant by reacting with 
a basic substance, and the resultant mixture was kneaded at 125°C for 30 minutes. 
ao [0096] Then, 1 5 parts by weight of alkaline water with 1 .38 parts by weight (1 .0 chemical equivalent) of potassium 
hydroxide, which was required to neutralize all carboxylic acids of the thermoplastic polymer and organic compound, 
dissolved therein were introduced under pressure into the kneader by means of a pump connected to the kneader over 
5 minutes. The pressure within the kneader was raised to 3 kg/cm 3 G. After kneading was then continued for 30 minutes, 
the kneader was cooled to 60°C and opened. As a result, a white viscous substance was given. 
45 [0097] To this product were added 315 parts by weight of water, and the mixture was stirred to obtain a dispersion 
having a solids content of 30 % and a viscosity of 65 cP. The size of particles dispersed was determined by a Coulter 
counter and found to be 1.9 jim in terms of an average particle diameter (maximum length). 

[0098] The dispersed particles were observed through an electron microscope and found to be heteromorphic 
microspheres of a form that such fine particles different from spheres as illustrated in Fig. 8 were bonded to one 
so another. Fig. 8 is an electron photomicrograph of 1 0,000 magnifications. In order to improve leveling ability upon coating 
of the dispersion, a surfactant (FZ-2162, trade name, product of Nippon Unicar Co., Ltd.) was added to the dispersion 
in a proportion of 0.5 % by weight based on the dispersion to obtain a coating dispersion. 

[0099] The coating dispersion was die-coated on the substrate 101 by means of a coater and a hot-air drying oven 
(both, not illustrated) and then dried (drying temperature: 50°C) to form a porous resin layer 102 having a thickness of 
55 35 ftm, thereby obtaining a recording medium 100 as shown in Fig. 1. The porous structure of the recording medium 
viewed from the surface thereof was such that a great number of bulky pores are evenly formed as illustrated in Fig. 5. 
[0100] The thus-produced recording medium was cut into A4 sizes to print a design pattern on the resultant record- 
ing medium sample by means of an ink-jet printer (BJC-430J, manufactured by Canon Inc.), thereby evaluating the 
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recording medium sample as to the following herns (1) to (4). The evaluation results are shown in Table 1 In the present 
invention, the test samples were judged to be acceptable where they were not ranked as C in all the evaluation items. 

Evaluation: 

5 

(1) Ink-absorbing speed (drying property): 

[0101] The time until a print sample no longer became smeared even when the printed area of the sample was 
lightly rubbed with a finger after the printing was measured, and the sample was evaluated in accordance with the fol- 
w lowing standard: 

A: Within 10 seconds; 
B: Within 60 seconds; 
C: Smeared even after 60 seconds. 

15 

(2) Ink-absorbing ability (resistant to Weeding and beading): 

[0102] The printed area of a print sample was visually observed to confirm whether bleeding and beading occurred 
or not. The ink-absorbing ability of the recording medium sample was evaluated in accordance with the following stand- 
ee ard: 

AA: Neither bleeding nor beading occurred; 
A: No bleeding occurred; 
B: Only beading somewhat occurred; 
25 C: Bleeding occurred. 

(3) Print quality: 

[0103] The printed area of a print sample was visually observed to confirm evenness and clarity of dots. The print 
30 quality was evaluated in accordance with the following standard: 

AA: Dots were even and clear; 

A: Dots were even; 

B: Dots were uneven; 

35 C: Dots were not clear. 

(4) Film Strength: 

[0104] The film strength was determined by confirming whether separationof^ porous resin layer of the recording 
40 medium sample occurred or not during printing, and evaluated in accordance with the following standard: 

AA: The porous resin layer was hard to be damaged; 
A: No separation occurred; 
C: Separation occurred. 

45 

[0105] After printing by the above printer, the pores in the porous resin layer 102 were made dense by means of a 
heat-fixing machine (not illustrated) to form the whole resin layer into a film, thereby completing the fixing of an image. 
The fixing was conducted for 1 minute under conditions of 160°C. Thereafter, the thus-obtained print sample was eval- 
uated as to the following items (5) and (6). The evaluation results are shown in Table 1 . In the present invention, the test 
so samples were judged to be acceptable where they were not ranked as C in all the evaluation items. 

(5) Storage stability (temperature, humidity): 

[0106] A fixed print sample was placed in an environmental tester capable of holding at a temperature of 45°C and 
55 a relative humidity of 95 % and left to stand. After 240 hours, the sample was taken out and observed as to print quality 
and the degree of color change (fading). The storage stability of the print sample was evaluated in accordance with the 
following standard: 
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A: No change occurred; 

B: Bleeding or fading occurred to a slight extent; 

C: Very conspicuous bleeding or absolute fading occurred. 

5 (6) Storage stability (light fastness, ozone fastness): 

[0107] A fixed print sample was left to stand indoors for 3 months to observe the degree of color change (fading). 
The storage stability of the print sample was evaluated in accordance with the following standard: 

w A: No change occurred; 

B: Fading occurred to a slight extent; 
C: Absolute fading occurred. 

{COMPARATIVE EXAMPLE 1] 

15 

[0108] Coating and drying were contacted in the same manner as in EXAMPLE 1 except that a dispersion of spher- 
ical particles having a particle diameter (average particle diameter: 1.9 \im) almost equal to that of the heteromorphic 
microspheres used in EXAMPLE 1 was used as a coating formulation, thereby forming a porous resin layer to obtain a 
recording medium. The porous structure of the recording medium viewed from the surface thereof was such that the 
20 spherical particles were densely arranged, and the number of pores was small as illustrated in Fig. 6. Thereafter, eval- 
uation was conducted in the same manner as in EXAMPLE 1 . The evaluation results are shown in Table 1 . 

[Comparative Example 2] 

25 [0109] To 100 parts by weight of a dispersion of spherical particles having a particle diameter (average particle 
diameter: 1.9 jim) almost equal to that of the heteromorphic microspheres used in EXAMPLE 1 were added, as a gel- 
ling agent. 6 parts by weight of a 48% aqueous solution of a zinc complex of ammonium sulfate prepared by adding 108 
parts by weight of 25% aqueous ammonia to 100 parts by weight of zinc sulfate, and the resultant mixture was stirred 
to prepare a coating formulation, the coating formulation was applied and dried in the same manner as in EXAMPLE 1 

30 to form a porous resin layer, thereby obtaining a recording medium. The porous structure of the recording medium 
viewed from the surface thereof was such that the formation of pores is uneven because the spherical particles were 
forcedly gelled to make the pores bulky, and the particles underwent partial fusion bonding to produce portions free of 
any pore as illustrated in Fig. 7. Thereafter, evaluation was conducted in the same manner as in EXAMPLE 1 ? The eval- 
uation results are shown in Table 1 . 

35 

[EXAMPLE 2] 

[0110] A recording medium was obtained in exactly the same manner as in EXAMPLE 1 except that a coating dis- 
persion obtained by adding 10 % by weight of silica particles (P78A, trade name, product of Mizusawa Industrial Chem- 
40 icals, Ltd.) as porous inorganic particles to the coating dispersion prepared in EXAMPLE 1 in order to improve 
absorbency was used. Thereafter, evaluation as to the items (1) to (4) was conducted in the same manner as in EXAM- 
PLE 1. 

[01 1 1 ] The pores in the porous resin layer 1 02 were then made dense by means of a heat-fixing machine (not illus- 
trated) to form the whole resin layer into a film, thereby completing the fixing of an image. Thereafter, the evaluation as 
45 to the items (5) and (6) was conducted. The evaluation results are shown in Table 1 . 

[EXAMPLE 3] 

[0112] A recording medium was obtained in exactly the same manner as in EXAMPLE 1 except that a coating dis- 
so persion obtained by adding 3.0 % by weight of polyvinyl acetate emulsion (PS-10. trade name, product of Showa High- 
polymer Co., Ltd.) as an organic binder to the coating dispersion prepared in EXAMPLE 1 in order to improve film 
strength was used. Thereafter, evaluation as to the items (1 ) to (4) was conducted in the same manner as in EXAMPLE 

1. 

[01 1 3] The pores in the porous resin layer 1 02 were then made dense by means of a heat-fixing machine (not illus- 
55 trated) to form the whole resin layer into a film, thereby completing the fixing of an image. Thereafter, the evaluation as 
to the items (5) and (6) was conducted. The evaluation results are shown in Table 1 . 
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[EXAMPLE 4] 

[0114J The same porous resin layer 102 as in EXAMPLE 1 and a porous inorganic particle layer 103 were formed 
as upper and lower layers, respectively, on a substrate 101 to produce such a recording medium 200 as illustrated in 

5 Fig. 2. A white polyester film (thickness: 100 \xm) was used as the substrate 101. In order to form the porous inorganic 
particle layer 103 on this substrate, a coating dispersion was prepared in accordance with the following process. 
[0115] Aluminum dodeoxide was first hydrolyzed to prepare an alumina slurry. Water was added to the alumina 
slurry until the solids content of alumina hydrate reached 7.9 %. After a 3.9 % nitric acid solution was then added to this 
slurry to adjust the pH of the slurry, the slurry was aged to obtain colloidal sol. This colloidal sol was spray-dried at 75°C 

10 to obtain an alumina hydrate. The alumina hydrate was dispersed in ion-exchanged water to prepare a 15 % aqueous 
dispersion. Polyvinyl alcohol (Gohsenol NH18, trade name, product of The Nippon Synthetic Chemical Industry Co., 
Ltd.) was then dissolved and dispersed in ion-exchanged water to obtain a 1 0 % aqueous solution. The alumina hydrate 
dispersion and the polyvinyl alcohol solution were mixed so as to give a mixing ratio of 10:1 by weight, and the resultant 
mixture was stirred to prepare a coating dispersion. This coating dispersion was die-coated on the substrate using a 

15 coater and an hot-air drying oven (both, not illustrated) and then dried (drying temperature: 140°C), thereby forming the 
porous inorganic particle layer 103 hav: a thickness of 35 jim. 

[0116] In order to form the porous i sin layer 102, the same coating dispersion as that used in EXAMPLE 1 was 
then die-coated on the porous inorganic particle layer 103 using a coater and an hot-air drying oven (both, not illus- 
trated) and then dried (drying temperature: 60°C) to form the porous resin layer 102 having a thickness of 18 ^m, 
20 thereby obtaining a recording medium. 

[0117] This recording medium was evaluated as to the items (1) to (4) in the same manner as in EXAMPLE 1 . 
[01 18] The pores in the porous resin layer 1 02 were then made dense by means of a heat-fixing machine (not illus- 
trated) to form the whole resin layer into a film, thereby completing the fixing of an image. Thereafter, the evaluation as 
to the items (5) and (6) was conducted. The evaluation results are shown in Table 1 . 

25 

[EXAMPLE 5] 

[0119] The same porous resin layer 102 as in EXAMPLE 2 and a hot-melt resin layer 104 were formed as upper 
and lower layers, respectively, on a substrate 101 to produce such a recording medium 300 as illustrated in Fig. 3. Glas- 

30 sine paper (thickness: 95 jim) was used as the substrate 101 . In order to form the hot-melt resin layer 1 04 on this sub- 
strate, a coating dispersion was prepared and applied in accordance with the following process. 
[0120] First, 20 % by weight of an ethylene-vinyl acetate copolymer (Everflex 210ET r trade name, product of Mitsui- 
Du Pont Chemicals Co.. Ltd.), 20 % by weight of a terpene resin (Clearon M115, trade name, product of Yasuhara 
Chemical Co., Ltd.) and 6 % by weight of ethylene wax (Neowax L, trade name, product of Yasuhara Chemical Co., Ltd.) 

35 were mixed to one another, and the mixture was coated on the substrate using a hot-melt coater (not illustrated), 
thereby forming the hot-melt resin layer 104 having a thickness of 60 urn. 

[0121] In order to form the porous resin layer 102, the same coating dispersion as that used in EXAMPLE 1 was 
then die-coated on the hot-melt resin layer 104 using a coater and an hot-air drying oven (both, not illustrated) and then 
dried (drying temperature: 60°C) to form the porous resin layer 102 having a thickness of 18 jim, thereby obtaining a 
40 recording medium. This recording medium was evaluated as to the items (1) to (4) in the same manner as in EXAMPLE 

1. 

[0122] Trie printed surface of the recording medium was brought into contact with a cotton fabric, and they were 
heated by means of a hot press (not illustrated) from the side of the substrate, thereby transferring the porous resin 
layer 1 02 and hot-melt resin layer 1 04 to the fabric. Thereafter, the evaluation as to the items (5) and (6) was conducted. 
45 The evaluation results are shown in Table 1 . 
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[Table 1] (continued) 





Example 


Comp. Ex. 




1 


2 


3 


4 


5 


1 


2 


(6) Storage stability (light fastness) 


A 


A 


A 


A 


A 


A 


B 


Judgment on evaluation 


Acceptance 


Rejection 



[0123] According to the present invention, as described above, at least one porous resin layer comprising hetero- 
70 morphic microspheres is formed on a substrate, whereby such a layer can develop high ink absorbency as an ink- 
absorbing layer by virtue of pores formed by arrangement and bonding of the resin particles to provide high-quality 
images having high and even optical density. 

[0124] According to the present invention, there can also be provided recording media which permits the provision 
of images having excellent water fastness and light fastness and withstanding long-term storage, have a strong film and 
75 are easy to handle, and an image forming process which can actually achieve excellent image quality and permits the 
formation of an image by transfer printing. 

[0125] Disclosed herein is a recording medium comprising a substrate and at least one porous resin layer formed 
on the substrate, wherein the porous resin layer comprises heteromorphic microspheres. 

20 Claims 

I. A recording medium comprising a substrate and at least one porous resin layer formed on the substrate, wherein 
the porous resin layer comprises heteromorphic microspheres. 

25 2. The recording medium according to Claim 1 , wherein the heteromorphic microspheres are in the form that 2 to 30 
fine resin particles are bonded to one another. 

3. The recording medium according to Claim 1 , wherein the heteromorphic microspheres are formed of a thermoplas- 
tic resin. 

30 

4. The recording medium according to Claim 1, wherein the porous resin layer comprises an organic binder. 

5. The recording medium according to Claim 1 , wherein the porous resin layer comprises porous inorganic particles. 

35 6. The recording medium according to Claim 1 , which further comprises a porous inorganic particle layer between the 
substrate and the porous resin layer. 

7. The recording medium according to Claim 6, wherein the porous inorganic particle layer comprises porous inor- 
ganic particles and an organic binder. 

40 

8. The recording medium according to Claim 1, which further comprises a hot-melt resin layer between the substrate 
and the porous resin layer. 

9. The recording medium according to Claim 8, wherein the hot-melt resin layer comprises a thermoplastic resin. 

45 

10. The recording medium according to Claim 1, wherein the substrate is a substrate having release property. 

I I . A process for producing a recording medium having at least one porous resin layer on a substrate, which comprises 
the steps of: 

50 

applying a coating formulation comprising polymer colloid, in which heteromorphic microspheres are dis- 
persed, to the substrate, and 

drying the coating formulation at a temperature lower than the lowest film-forming temperature of the hetero- 
morphic microspheres, thereby forming the porous resin layer. 

55 

12. The process according to Claim 1 1 , wherein the heteromorphic microspheres are in the form that 2 to 30 fine resin 
particles are bonded to one another. 
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13. The process according to Claim 11, wherein the coating formulation, in which porous inorganic particles and an 
organic binder are dispersed, is applied to the substrate, and dried at a temperature at which crosslinking or fusion 
bonding between the porous inorganic particles and the binder is made, or higher, thereby forming the porous resin 
layer. 

5 

14. The process according to Claim 11, wherein the coating formulation comprising the polymer colloid, in which the 
heteromorphic microspheres are dispersed, substantially contains no gelling agent. 

15. The process according to Claim 11, wherein the porous resin layer is formed after a resin material composed 
10 mainly of a thermoplastic resin is melt-coated on the substrate. 

16. An image forming process, comprising the step of: 

ejecting an ink by an ink-jet recording system on the porous resin layer of the recording medium according to 
15 any one of Claims 1 to 5 to conduct recording, and then 

heating the recording medium at a temperature not lower than the lowest film-forming temperature of the 
heteromorphic microspheres, from which the porous resin layer is formed, thereby forming the porous resin 
layer into a film. 

20 17. An image forming process, comprising the step of: 

ejecting an ink by an ink-jet recording system on the porous resin layer of the recording medium according to 
any one of Claims 1 to 10 to conduct recording, 

laminating the recording medium on a transfer-printing medium with the porous resin layer opposed to the 
25 transfer-printing medium, and then 

heating and pressing the recording medium at a temperature not lower than the lowest film-forming tempera- 
ture of the heteromorphic microspheres, from which the porous resin layer is formed, from the side of the sub- 
strate of the recording medium, thereby transferring the porous resin layer to the transfer-printing medium. 
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